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(54) [Title of the Invention] High refractive index coating composition 
(57) [Abstract] 

[Subject] To provide a coating composition which has a high refractive index, has 

excellent physical strength such as hardness, scratch resistance, and adhesion, is 

reasonable in price, and has high productivity. 

[Means for Solving the Problem] A coating composition comprising: 

a metal alkoxide represented by the following formula (1) and a hydrolyzate thereof, 



wherein M represents one metal selected from Ti, Ta, Zr, In, and Zn, R represents an 
alkyl group, and n represents the oxidation number of a metal; and 
an organosilicon compound and its hydrolyzate represented by the following formula 
(2), and a hydrolyzate thereof, 



M(OR)n 



(1) 



R'xSi(OR)y 



(2) 



1 



wherein R represents an alkyl group, R' represents a functional group having a 
polymerizable unsaturated bond at its end such as a vinyl group, an lacrolyl group, and a 
methacryloyl group, y represents the oxidation number of a metal, and x represents a 
number of substitutions satisfying 0 <x < y. 

[Scope of Claim for Patent] 

[Means for Solving the Problem] A high-refractive-index coating composition 
comprising as main components metal alkoxide represented by the following formula 
(1) and a hydrolyzate thereof, 

M(OR)n (1) 

wherein M represents one metal selected from Ti, Ta, Zr, In, and Zn, R represents an 
alkyl group, and n represents the oxidation number of a metal; and an organosilicon 
compound, and represented by the following formula (2), and a hydrolyzate thereof, 

R'xSi(OR)y (2) 

wherein R represents an alkyl group, R' represents a functional group having a 
polymerizable unsaturated bond at its end such as a vinyl group, an acrolyl group, and a 
methacryloyl group, y represents the oxidation number of a metal, and x represents a 
number of substitutions satisfying 0 <x < y. 

[Claim 2] The high-refractive-index coating composition according to claim 1, 
containing an isocyanate compound having at least two isocyanate groups in a 
molecule. 

[Claim 3] The high-refractive-index coating composition according to claim 2, 
wherein the isocyanate compound is a modified product of hexamethylene diisocyanate 
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(HDI) and has an average molecular weight of 500 to 3000. 

[Claim 4] The high-refractive-index coating composition according to any of 
claims 1, 2, and 3, containing a polyol resin with a OH value of 15 to 400 and an 
average molecular weight of 3000 to 30,000. 

[Claim 5] The high-refractive-index coating composition according to any of 
claims 1, 2, 3 and 4, further containing high-refractive index ultrafine particles with an 
average particle diameter of 1 to 50 nm selected from crystalline titanium oxide, 
crystalline zinc oxide, and crystalline indium oxide. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field] The present invention relates to a high-refractive-index coating 
composition, more particularly, to a high-refractive-index coating composition which 
can be applied to a transparent substrate such as glass and plastics to form an optical 
multilayer film such as an antireflection film, a selective transmission membrane, and 
an absorption film. 

[0002] 

[Background Art] To date, a method of forming an optical multilayer film 
utilizing optical interference such as an antireflection film by providing a thin film of an 
inorganic oxide such as titanium oxide or silicon dioxide on a substrate such as glass or 
plastics by dry coating such as vapor deposition or sputtering is known. Such a dry 
coating process has such problems that the apparatus is expensive, film forming takes 
time, and productivity is not satisfactory. On the other hand, a method in which a 
metal alkoxide as a starting material is applied to a substrate to form an optical 
multilayer film is known. As the high-refractive-index material, use of an alkoxide of 
Ti or Zr has been proposed. However, films formed by conventional methods are not 
satisfactory in productivity since drying and polymerization have to be performed for a 
long time at high temperatures. In addition, these conventional films also have 
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problems that, though a practical level of refractive index can be obtained, physical 
strength such as hardness, scratch resistance, and adhesion to a substrate is not sufficient. 
Since the optical multilayer film serves as the outermost layer, a film having an 
insufficient strength cannot be used in practice. 
[0003] 

To solve the above problems, a composite material of a metal alkoxide and an 
acrylic compound has been proposed (see JP-A-8-297201). 
[0004] 

[Problems to be Solved by the Invention] However, to improve the physical 
strength such as hardness and scratch resistance of the composite material, it is required 
to incorporate an increased amount of acrylic monomer component. Incorporation of a 
large amount of acrylic monomer component lowers the volume ratio of 
high-refrective-index oxides formed from an alkoxide of titanium or the like, which 
determines the optical properties. As a result, a high refractive index cannot be 
obtained. To date, a composition which ensures an increase in refractive index and 
excellent physical properties including hardness, scratch resistance, and adhesion to a 
substrate has not yet been found. 

[0005] 

An object of the present invention is to provide a coating composition which 
exhibits a high-refractive-index index, has excellent physical strength such as hardness, 
scratch resistance, and adhesion, is reasonable in price, and has high productivity. 

[0006] 

[Means for Solving the Problem] The inventor has made studies to solve the 
above problem. As a result, the inventor has found that the above problems can be 
solved by forming a hybrid film containing a metal alkoxide such as a titanium alkoxide 
and an organosilicon compound which has an acryloyl group as the main components, 
and an isocyanate compound such as a modified product of hexamethylene diisocyanate 
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(HDI). The present invention has been made on this novel finding. 
[0007] 

Specifically, the invention as defined in claim 1 is a coating composition 
comprising: 

a metal alkoxide represented by the following formula (1) and a hydrolyzate 

thereof, 

M(OR)n (1) 

wherein M represents one metal selected from Ti, Ta, Zr, In, and Zn, R represents an 
alkyl group, and n represents the oxidation number of a metal; and 

an organosilicon compound represented by the following formula (2) and a 
hydrolyzate thereof, 

R'xSi(OR)y (2) 

wherein R represents an alkyl group, R' represents a functional group having a 
polymerizable unsaturated bond at its end such as a vinyl group, an acrolyl group, or a 
methacryloyl group, y represents the oxidation number of a metal, and x represents a 
number of substitutions satisfying 0 <x < y. 
[0008] 

The invention as defined in claim 2 is characterized in that, in the 
high-refractive-index coating composition according to claim 1, an isocyanate 
compound containing at least two isocyanate groups in the molecule is contained in the 
high-refractive-index coating composition. 

[0009] 

The invention as defined in claim 3 is characterized in that, in the 
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high-refractive-index coating composition according to claim 2, the isocyanate 
compound is a modified product of hexamethylene diisocyanate (HDI) and has an 
average molecular weight of 500 to 3000. 
[0010] 

The invention as defined in claim 4 is characterized in that, in the 
high-refractive-index coating composition according to any of claims 1 to 3, a polyol 
resin with a OH value of 15 to 400 and an average molecular weight of 3000 to 30,000 
is contained in the high-refractive-index coating composition. 

[0011] 

The invention as defined in claim 5 is characterized in that high-refractive-index 
ultrafine particles with an average particle diameter of 1 to 50 nm selected from 
crystalline titanium oxide, crystalline zirconium oxide, crystalline zinc oxide, and 
crystalline indium oxide are contained in the high-refractive-index coating composition 
according to any of claims 1 to 4. 

[0012] 

[Effect] According to the present invention, by using as the main components 
the alkoxide of a metal such as titanium and the organosilicon compound containing an 
acryloyl group, oxide components are formed to help the hydrolyzate of the metal 
alkoxide represented by the formula (1) to increase the refractive index, and a complex 
oxide network of M-O-Si bonds is formed by hydrolysis of the alkoxyl groups of the 
organometallic compounds represented by the formulae (1) and (2). By exposing the 
film to UV rays or electron beams, a cross-linking is formed by the polymerizable 
unsaturated bond group such as an acryloyl group contained in the film. As a result, 
the film has a high cross-linking density due to a composite cross-linking formed by 
heat polymerization and photo (electron beam) polymerization. Further, the film has a 
uniform structure on a molecular basis, and eventually can exhibit sufficient strength 
even though the volume ratio of the high-refractive-index component such as titanium is 
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large. By adding the isocyanate compound containing at least two isocyanate groups 
in the molecule to the above-mentioned coating composition, a hybrid structure is 
formed by formation of a urethane bond network due to the reaction between the OH 
group of the hydrolyzate in the coating composition and the isocyanate group contained 
in the isocyanate compound. As a result, it is possible to provide a composition which 
can significantly reduce the problems accompanying conventional coating agents. 
Specifically, the coating composition can provide a film having higher hardness and 
excellent scratch resistance. In other words, the coating composition can provide a 
film having a high refractive index and sufficient physical strength. In particular, by 
using a TMP adduct of HDI which has a low molecular weight and a low reactivity with 
a by-product such as water and alcohol as the isocyanate compound instead of a 
high-molecular-weight urethane prepolymer, it is possible to allow the coating 
composition to be stable and to have a long service life, and as a result, to form a hybrid 
film with a higher degree of uniformity and a higher cross-linking density. Further, by 
adding the polyol which exhibits high mutual solubility and reactivity with the hybrid 
film or the crystalline inorganic ultrafine particles which can improve the refractive 
index and strength, it is possible to allow the coating composition to be excellent in 
applicability, adhesion, and physical strength. 
[0013] 

[Mode for Carrying out the Invention] Embodiments of the present invention 
will now be described in detail. 
[0014] 

The coating composition according to the present invention comprises a metal 
alkoxide such as a titanium alkoxide and an organosilicon compound having an acryloyl 
group as the main components, and an isocyanate compound containing at least two 
isocyanate groups in the molecule. The coating composition is applied to a substrate, 
heated, and dried to form a film. The formed film is exposed to light such as UV rays 
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to have a high refractive index. 
[0015] 

Each component contained in the coating composition is described below in 
detail. The metal alkoxide such as a titanium alkoxide used in the present invention is 
represented by the following formula (1). 

M(OR)n 

wherein M represents one metal selected from Ti, Ta, Zr, In, and Zn, R represents an 
alkyl group, and n represents the oxidation number of a metal. Examples of the metal 
alkoxide include tetra-iso-propyl titanate, a tetra-n-butyl titanate, and tetra-n-butyl 
zirconate, and the like. The organosilicon compound having an acryloyl group is 
represented by the following formula (2). 

R'xSi(OR)y 

wherein R represents an alkyl group, R' represents a functional group having a 
polymerizable unsaturated bond at its end such as a vinyl group, an acryloyl group, and 
a methacryloyl group, y represents the oxidation number of a metal, and x represents a 
number of substitutions satisfying 0 <x < y. 

Examples of the organosilicon compounds include vinyltrimethoxysilane, 
acryloxypropyltrimethoxysilane, methacryloxypropyltrimethoxysilane, and the like. 

There are no particular restrictions on the organometallic compounds. These 
organosilicon compounds may be used in combination. It suffices that the metal 
alkoxide and the organosilicon compound containing an acryloyl group be used in 
combination. These organometallic compounds are formed into a film by a hydrolysis 
reaction due to moisture contained in air after application to a substrate by incorporating 
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an organic acid catalyst such as p-toluenesulfonic acid in the coating composition. It is 
also possible to use a hydrolyzate of the organometallic compound obtained by adding 
water (including a catalyst such as hydrochloric acid) in advance. If water is added in 
advance, a partial hydrolyzate of the organometallic compound is preferably formed 
using water in an amount of 1/8 to 1/7 of the amount of water required to hydrolyze all 
of the alkoxyl groups contained in the organometallic compound. As a result, the 
coating composition becomes stable, and can be used without specific separation and 
purification processes, with no remaining excess water. The above control is 
performed to suppress a side reaction between the isocyanate compound and excessive 
water or prevent a metal compound polymer from growing by controlling the hydrolysis 
rate of the metal compound. Also, the above control is performed to suppress the 
phase separation by increasing the mutual solubility with the isocyanate, whereby a 
molecular-level hybrid film which is uniform and has a high molecular cross-linking 
density is formed. 
[0016] 

The isocyanate compound has two or more isocyanate groups (NCO group) in 
the molecule. Examples of the isocyanate compound include diisocyanate monomers 
such as tolylene diisocyanate (hereinafter abbreviated as TDI), xylylene diisocyanate 
(hereinafter abbreviated as XDI), and hexamethylene diisocyanate (hereinafter 
abbreviated as HDI), modified products such as an adduct, a biuret, and a trimer of these 
monomers, derivatives thereof, a prepolymer obtained by partially reacting the 
isocyanate compound with a polyol, and the like. Among them, low-molecular-weight 
modified products such as a TMP adduct of HDI, a biuret of HDI, and a trimer of HDI 
with a molecular weight of 500 to 3000 are preferable, since these compounds exhibit 
excellent mutual solubility with the hydrolyzate of the organometallic compound, does 
not undergo phase separation during film formation, and produces a uniform and 
transparent hybrid film with a high-cross-linking density. These modified products are 
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used as urethane curing agents, and are sold widely due to its low toxicity at a 
reasonable price. 
[0017] 

In the mixture of the above-mentioned organometallic compound and the 
isocyanate compound, the resulting film may have an excessively high cross-linking 
density and poor flexibility. In addition, the surface of the film remains tacky (sticky) 
immediately after application. Therefore, a polyol resin which reacts with the 
isocyanate may be added taking into consideration the applicability and stability of the 
coating composition. There are no restrictions on the polyol to be added to the coating 
composition. A polyester-based polyol, polyacryl-based polyol, and silicone-modified 
acrylic polyol may be used. In particular, a polyol with an OH value of 15 to 400 and 
an average molecular weight of 3000 to 30,000 is preferable in respect of cross 
linkability, applicability, and mutual solubility. 

[0018] 

The refractive index can be increased by adding high-refractive-index ultrafine 
particles with an average particle diameter of 1 to 50 nm selected from crystalline 
titanium oxide, crystalline zirconium oxide, crystalline zinc oxide, and crystalline 
indium oxide. Addition of such fine particles is known in the art. However, 
combination of the fine particles with the hybrid composition according to the present 
invention is not a mere combination. Specifically, the fine particles have a high mutual 
solubility and a high affinity to the inorganic network and the inorganic filler in the 
coating composition serving as a matrix. As compared with the case where the fine 
particles are dispersed in an organic resin, it is possible to obtain a film in which the 
particles are well dispersed and sufficient adhesion between the filler and the matrix is 
attained. In short, better effects can be obtained as compared with the usual case 
where the fine particles are merely added to an organic resin. 

[0019] 



10 



When curing the composition by UV irradiation, it is preferable to add a radical 
polymerization initiator. Suitable radical polymerization initiators include benzoin 
ether-based initiators such as benzoin methyl ether, acetophenone-based initiators such 
as acetophenone and 2,1— hydroxycyclohexyl phenyl ketone, and benzophenone-based 
initiators such as benzophenone. Two or more of the above initiators may be added to 
the coating composition. Further, insofar as the properties of the composition of the 
present invention are not impaired, additives such as a dispersant, a stabilizer, a 
viscositiy controller, and a coloring agent may be added. 

[0020] 

As the method of applying the coating composition to a substrate, a known 
method such as dipping, roll coating, screen printing, and spraying is used. The 
thickness of the film can be suitably adjusted by controlling the concentration and 
amount of the coating composition taking the intended optical design into consideration. 

[0021] 

The substrate for the high-refractive-index coating composition according to the 
present invention is not restricted to glass or a plastic film. If need arises, the coating 
composition can be applied to various hard coating agents, low-refractive-index 
materials, and ceramic deposited films. 

[0022] 

The present invention will now be described in more detail by way of examples. 
[0023] 

[Examples] A 80 micron-thick TAC film on which a UV curable resin HC layer 
(5 microns) was provided was used as a substrate. The materials of the following 
composition were mixed so that they were mixed at a ratio shown in Table 1, whereby a 
coating composition was prepared. As an initiator for the UV curing, an 
acetophenone-based initiator was added in an amount of 2% based on the 
polymerization components. The resulting coating composition was applied by means 
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of a bar coater, dried in a dryer at a temperature of 100°C for one minute. Then, the 
substrate was cured by exposure to UV rays by means of a high-pressure mercury lamp 
with at a dose of 1000 mJ/cm 2 . The concentration was suitably adjusted so that the 
optical thickness (nd = refractive index n * thickness d (nm) )became nd = 550/4 run, 
whereby high-refractive-index films were formed for use as samples. 
[0024] 

Samples of Examples 1 to 3 according to the present invention and samples of 
comparative examples were prepared. The sample of Comparative Example 1 did not 
contain methacryloxysilane, and the sample of Comparative Example 2 was based on 
two components, specifically, a titanium alkoxide and a bifunctional acrylic compound. 
The mixing ratio of each component of the coating composition in each of the examples 
and the comparative examples is shown in Table 1 . 

[0025] 

<Components of coating composition> (A) Predetermined amounts of tetraisopropoxide 
titanate and methacryloxypropyltrimethoxysilane were mixed at a ratio shown in Table 
1. To the mixture, 2 moles of 0.1N hydrochloric acid (per mole of the mixture) and a 
mixed solvent of isopropyl alcohol and ethyl acetate (50/50 wt%) were added, and 
stirred at room temperature for 2 hours, whereby a composite sol was obtained. As for 
the amount ratio of each component, the titanium oxide component is denoted as Al and 
other components are denoted as A2. 

(B) A TMP adduct of HDI (commercially available urethane curing agent) was diluted 
with ethyl acetate. 

(C) A solution of a commercially available acrylic polyol resin with an OH value of 130, 
an average molecular weight of 10,000, and a glass transition point (Tg) of 88°C (mixed 
solvent of butyl acetate and ethyl acetate) 

(D) A commercially available urethane acrylic resin (bifunctional resin with an average 
molecular weight of 3000) Each solution was diluted so that the solid content became 
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3 wt%. 
[0026] 

The samples as obtained above were evaluated according to the following 
methods of evaluation. 

<E valuation test> (1) Optical properties: The refractive index at a wavelength of 550 
nm with an angle of incidence of 5° was measured using a spectrophotometer. 

(2) Adhesion: Measured by a cross-cut adhesion test according to JIS K5400. 
Evaluation was conducted for the number of remaining films. 

(3) Pencil hardness: Measured by a pencil scratch test according to JIS K5400. 
Evaluation was conducted for scratches formed on the film. 

(4) Scratch resistance test: #0000 steel wool was reciprocated 10 times on the surface of 
the film with a load of 250 g/cm 2 , and scratches were visually observed. 



[0027] 
[Table 1] 





Example 1 


Example 2 


Example 3 


Comparative 
Example 1 


Comparative 
Example 2 


Mixing 
ratio 
(wt%) 


Al 


65 


65 


66 


65 


65 


A2 


35 


25 


20 






B 




10 


10 


20 




C 






5 


15 




D 










3.5 


Refractive index 

(%) 


13.3 


12.9 


13.2 


13.0 


12.8 


Adhesion 


100 


98 


100 


100 


100 


Pencil hardness 


3H 


3H 


3H 


H 


2H i 


Scratch 
resistance 


Good 


Very good 


Good 


Very poor 


Poor 



Al: Titanium oxide component 

A2: Methacryloproylpolymethoxysilane component 



B: EDI-TMI adduct 

C: Alkylic polyol resin 

D: Urethane acrylic resin 

Scratch resistance: 

Very good: no scratches 

Good: slight number of scratches 

Poor: large number of scratches 

Very poor: significantly large number of scratches 

[0028] 
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As shown in Table 1, each sample exhibited a high reflectance of about 13% (the 
reflective index of the film was about 1.8). The intended high-refractive-index layer 
could be obtained. The film prepared using the coating composition according to the 
present invention is excellent in adhesion, hardness, and scratch resistance. The films 
obtained of the comparative examples were poor in strength. 

[0029] 

[Effect of the Invention] As mentioned above, the coating composition 
according to the present invention has an M-O-Si composite metal oxide cross-linking, 
a cross-linking of an acrylic group, and a cross-linking of urethane. Therefore, the 
coating composition according to the present invention is capable of forming a film 
having a molecular-level hybrid structure of a metal oxide and an organic compound, 
which can exhibit an excellent optical properties represented by a high refractive index 
and has physical properties. When the coating composition according to the present 
invention is applied to form the outermost layer of a product, such as an antireflection 
film of a display, the film exhibits a strength sufficient to withstand severe environment 
and handling. As compared with the vapor deposition method or the like, the cost for 
apparatus is comparatively low, the productivity is high with a film formation 
(application) speed 10 times or more higher than the deposition method, and 
manufacturing is easy. The film formed by the coating composition of the present 
invention is cured by exposure to light. Therefore, application at low temperatures is 
possible. The coating composition can be prepared by rolling up into a film or the like, 
thereby enabling mass production. 



14 



(mummsf ud < 12 > & 15 ift & & (a) (ummm&m** 

4#|$2000-336313 
(P2000-336313A) 



(43)4>flH 0 ¥j£l24£12/! 5 B (2000. 12. 5) 



L U J U lOO/ 
U U 6 D 1/ iU 

1/11 
1/11 

sjj CO 




r i 7 tj r 

p n QH 1 CO//v< 9 M ft A ft 
\/ U «J LJ 103/U4 Z it U 4 o 

r fl 9R R/95? 9 TT ft ft Q 

1/1fl '/ AlftQQ 
1/ 1U L 4 J U o o 

A 






(71 ^ WEI k on norm on 








(22)tilKB 


¥j£ll^6Ji 1 0(1999.6.1) 








(72)&w# *s m 






JfcSCttfWfCK#*lTS5*l^ CiRRBJ 












F *-&(£#) 2H048 GA05 GA11 CA27 






2KD09 BB28 CC24 0C35 CC42 CC45 






DD02 DD05 






4J038 DG262 DL022 0L032 DM021 






FA212 GA01 GA03 HA216 






JA23 JC32 KA20 MAM NA19 






PC03 PC08 



(54> [&ijt©£*M *B*f»3-^w >vnm> 



(57) im) 

[«fift#Sl TtEOHJfcft (DM (OR) n (MttT 
i, Ta, Zr, In. Z n<?)Vvfft#.ig<r)&Jl, R 
Ur^4f/k«. nttMOlftftjR) T'fH^ix£&JSr 

(2)R* x S i (OR) y (Rli7/Nfrt*. R" It 
j&ftlZt'->\&. 79Vu4)Vm, *99»u4Mt& 

mm, xitQ<x<y<Dmmm x-mtum^m 



H«*m ] ttwhrsu 1 ) 

M (OR) n 

(M(±T i , Ta, Zr, In, Z n<7)VvffU>l gcT) 
ffifcU2) 

R' x S i (OR) y 

(RJi7;Mr;Pg. R' «i*atch*^a, r^'Jo^f 

, * ? ? 'j n ^ tvm t'cr>mi;-Bsm^®m&z 
n-risim. yii&mcomm. xtio<x<y<oa 
mm) x'mz^mi-'tmtism&ivtniiumMm 

4 y s^r*- M[;£»*%i£*rc&4 z t *<mt -r 

f-Uy^y^T^-h (HDD co£teftT-£oT. 

5 o o ~ 3 o o o -e& 4 ; t -r 4 

0HW1 5~4 0 0£#U ^^4*^3 0 0 0- 
3 0 0 0 0^-K'J^-;Pffi!i*^iixT^l.ii:^^St 
£t&mWR 1 TbM 3 IB«^Mix*^ftS!)T*3-r -f 

¥%®S1~5 0 nmO^tt^iM^y. KfcS^ 
«fffl»a : F39«**<tT'Sr6 £ b Zmib 1 7b 

[0001] 

ryxi-y^b'commmmb'izmxix. mm± 
mmmm. h&^mws&b'cox&mmm 

[00023 

4. zixizttix. &m7)Va*i/V%t^\&mfflto 
fltfc 0 . ggJfW^t LTtiT i *?Z r%t'<r)7/l> 



) 000-336313 (P2000-336313A) 



mtmstiht:*)* &mm+ftxiimmizMihz 

[0003] ztit»*ismtiti*>£, 9 
720 i*&*«e«§fi-co*j:afc, ^mr;P3# 

4. 

[0004 ] 

[8WB?&LJ:o^41IIIl LRW, Ztih 

tbh<zm&b o » 3^^H4S:^-r4T i m&t'or/p 

adf v FI:aj»£^t-t4iSStffWt^0^it*>' 
W0J£ *iSBJf*fl:£ li*>4 £ i: K^b^oXA 

**u &®ti\m\Lbim. mmm&. wt&tztrm 
mm.^.m^.imi.x'% &issmitnxiztix^%\>\ 
[0005] zzx\ *%.wii. sv u # 
^m., mmm. b-commmimmz t>& 
ti. mx\ £&mz&ixt:3-T < yy&f&mm 

■thZbi&mb-th. 
[0006] 

«HtLfc*S*. Ti^rif^JRr/Wndf^Ftr^yn 
4)V&ZtttWk*4mfci>M*3&ftb LX. 
*T*1r\,y i JAVi'7*-Y (HDD tcZWg&Mz 

fw«ftt-f ys'TJ.-MWMiwvvf yj ••/ fr*» 

JR-T 4 i t T-|gS&<»^T-# 4 £ k 5:1.* L , 
M->^tO-C'*)4. 

[ o o o 7 ] sp*>, if^jg i ieatf>#w±. te^hr 

^(D 
M (OR) n 

(MtiTi, Ta, Zr, In, Z n<7)\,vf;h.a>ia<0 
4^JSr;P34f^F^J;^-?-^Jn*^»fti:. Tl£^- 

jR5^(2) 

R' x Si (OR) y 

qrfSWIHG. yJi^S<0Kfl3S, x(i0<x<y<7)l 
^gc) T-«-ii:4*fil^^^l:^jfcJ;^coSD*^^ 

zzj&ft b -t 4 < yymmx'bh . 

[0008] 2 IEtt*>»gJtt, 1 IBitOS 

mmo-r < ym&mza^x. mii?-T<y? 

y xT^-F«$-^-T4^ y^7*-Mfc-£ftri { -&2 
ilt^4Ck$-#mi:-r4. 
[00093 IS^«3iB«0^(i, |f*5 2smm 



* I 



!(3) 000-336313 (P2000-33631 3A) 



^t^fl'V^y^n-h (HD 
I ) ^Ett*T*o-C. 5 0 0-3 0 0 0 

[00103 n*JH4ie»o^{i, ®mmnm3 
immtit*m®v\Q?-T- < >?m.uz&^x. 

400£*U ¥*^^fi* s 3 0 0 0~30 0 00^ 

[ooii] ar*S5iEa<o»»i. m&B i tk4£ 

Ea-r -f y?mto<?>*iz. § l ~ 5 

Onm<ottfttt^)i«t^y. IWk^a-^A, Kft 
SIS. Kfltf v.^*^A^featf<tt»ffllff)BWSW* 

[00 1 23 <ffJ8>*WSt ifttf, T i 'Srt'co^JR 
T^a * K k 7 9 U cM ;P**^*fl|y>f 
b&Z.mt?&ZbT. HRsS ( 1 ) <9&JS7/W3* 

, HRS ( 1 ) i V ( 2 ) <DWil£Jg 
\k&m<r)7)la * is&MMilWziL SM-O-S i 

UV&fcuttEBStBt-fSifc-C. im&<r>T?VnA 

^hZbX'%Wm^b± ( E B ) ft&£J:*ftte£fl| 

fcMLTV^fcftT i &k'0©JSf^b£#Ott«lttf 

-r >f y^lM^S^KtfW^SK k 2ffl£Lt 

*S£kT\ 3-f^«W»*»^)OHS 
k 4 V S/7*- h fc$m<F>A V y7*- FSk CDRJBC 

mmm&2n. x*)W&m<. wimmt>sk« 

X\ «Sw)3-f -r d k 

HD I OTMP7/? hfls£k'k-fl>.r fc 

4Mb. mm^x^hmmmmmm-mi&z 
r < yymmb^-h z b tfx-% * t a . 
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[0014] ^BflOrJ-r -f y^^ajSSftt, T i 

<?><mr)v-i*isvb7?vu4)vmtt'?h^m j r4 

mfci&»ii£X/Z<7)to*ftMm£±mb tx. ZUZ 
4HP+fc^4r< k i 2WJ±<M y F»£Wt 

«w«ii£^^ki-i>i^T-&-?>. 

[0015] 3-r^ >rtf®t,z%&ti&&&.ftl,zr)^ 
f^«7;W3#^Htt. Tieco-ffibS ( l ) 

M (OR) n 

(MteTi, Ta, Zr, In, ZnOWfftfrlS. 
Ri47*^fyWI. nM&K0lMB&) T*£«l.*fctf> 

-7^-/Wf-?*-F, Th7-n-7"f-;l/v;ur7^-h 
K&mpZtll. 7?'Jn4/l^&k'£#?-|> 

3f»*4 JMteMi. TiaoH&st ( 2 ) 

R' x S i (OR) y 

( Rfcmi^/Hi, R' ti*ffi^h'^a, 7^'Ja-f 

^'jodfvrDh'^hy^h^^x^y. ^^^yudf 

«aJJi»^b*T*)^3SLii«:<. ^JS7;l^34r 
xFi:7i? y o>f ;l^l^*W«^>f S^^J^ffl L-T 

k-c. mxmzj&i&cnmx'itix 

to*mKfoZitXWLmtfLLXi>&^l. ifeW* 
(S^k'cOMSSSr^tf) $:3sJBL, Jd*^RC$€ 

7)U3*i/)l>m£M7k#MZ-$&<r)l l Z<iim%*cr>M.i: 0 
i, l/8~7/8<0S<0*"C»^jD7K^*PS^i>OT 
*6tf *ik-C3cS^rtHjSfBf*»6ik*«T#. 

n-t z b%< mvcftimmrrizm ^hzbtt 
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^o. v~>7*-hb<?>m®&&m>&zbx\ m 
mzm\Lmx'ft?m®Bim<. ih-vkm)>\ 

[ 0 0 1 6 ] >f VyT*- Mt^tttt. 
*tC2«±^y>-7^-h« (NCOS) 5:Wri» 
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d i tie-f ) . '^MMf-I'yS^f VS/T*-b (OT 



• t 



!(4) 000-336313 (P2000-336313A) 



HD I tiit) %WJ4 VisT^SI-mt. Ztlt, 

>\4 7V •/ Fll*t1 hVto.. HD I cOTMPT 
^bft. HDI^h'a-l/7h#< HDIHJV-ft 
fc'^^^M 500-3000 ^i&JH^O^tttttfjg I 

tixi>cox\ mfti>&<vimb ix&mztxxb*). 
3&&xh&, 

[ 0 0 1 7 ] ±IE*«^«^^i: 4 V vT*- MtHi- 

m*). w.mcoMx&*?%%ftt%j&ix4v : s7*- 

h b RjEtt tt-fl X 'J *-/i«£flD h z k tfX'Z 
5 . 3 -f -f y T'sai&iw cjDi s sk y *-;Hi* y x 

U*-/l'*if«fKR£Sii6 i.«t«5rvW. OHffil 
5-4 0 0 i^tV^HVfi3 0 0 0-3 0 0 0 0« 

#y*-;kWRWt. Mitt, mmt'frt>imx't) 

[00 18] «4gl-5 0 nm<9*SJItt?> 

^A^hmiixi^m3xmwm-imnhzkx\ m 

*M0i0'vf ry -y F3l^»l:<Z»ffl*-&;bfrli. 
tt. K*ttW«<, #{c^r»aMI+t:»IW4J:0. J 

[00 19] uvmiz£$>mtz'€omz^ yv* 
>vm&mmi&mat& kumx-h o . ^/-f y* f- 

rtx-f7l^£c^yv^ yx-f7l^lB#f8h T-feh 

2, 1- tHO^^O^y/l^xX/P 
^y, ^t'<0T*h7xy>^*6»I. ^y/7x/ 
y& k' V7 x y ^IMiWf £>ftl> **, fffc 

£>fc, fttt^*=5r^^v^HT\ Sffiflao. 

femn. «€^J=5r z%m>mmm t&zbWi>x- 
[oo2o]3-f^ y^a&^^fr&wi:. mm 
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*f**m, * y 5 7 ? wat h z k mmx\ 
tti^mmmt^txntmti z bi>*imx-t> 
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[0022] *^B^n-r < yfmmzmmn 

[0023] 

imam: mizuvmmwuHcm (5um) 
mmzm 1 t^-tfj^t^s i a izm^t^xmrn 
trt h7xy yjmwmm^m^znvx 2%mn 

Uz. A-3-^-tio»(SL. ttHM-T 1 o o°c- 

1 m i nflgJlU «E*MTti y 1 s 0 0 0mJ/c 
t(f$n*M/Id (nm) ) A>'nd = 5 50/4nral:5r 

z£omm8m$&zixm®ftwmzBfoi. m 

[0024] *9Hflo9tatM 1 - 3 aimft&tfJtttffl 
kTi 7lV?* i sYk2'%m79 V^it^Mk<7)2m 

[0025] <3-r y^^ffljS»w#iS^> 

(A) rh 54 VTotf* vh'?-?*-b 'Jo 
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(MI) iKft«> 1 Ofg^LhT'^ttiiiK , £&t>$5 

miM%k'X'fflkttK#>. m&x'<?Mi.mm%<?> 
x\ 7 4 tvj>%b-£mmm^x-ftj&.-t2>zktw& 
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